Introduction
Geographic atrophy (GA) is a progressive, advanced form of age-related macular degeneration (AMD), and is characterized by irreversible atrophy of the retinal pigment epithelium photoreceptors and choriocapillaris, 1, 2 and is therefore associated with significant, irreversible loss of vision. 3 GA is estimated to affect 5 million people worldwide, 4 and to account for approximately one-quarter of cases of legal blindness in the United Kingdom, 1, 5 and 20% of cases in North America. 2 GA has also been associated with more cases of legal blindness (severe sight loss/registered blind) in England and Wales than other forms of AMD. 5 The incidence of GA increases exponentially with age, and as the population ages, the prevalence of the disease is expected to rise. 4, 6 GA comprises a spectrum of heterogeneous, phenotypically distinct forms, in which visual function is determined by the remaining area in relation to the fovea. [7] [8] [9] Due to the frequent symmetry and bilaterality, GA can pose a significant burden for affected individuals. 1, 10 Even when distance visual acuity (VA) is unaffected, individuals with GA can experience difficulties reading and seeing in low-light conditions. 10, 11 Data from a UK electronic medical record (EMR) study suggest that at the time of diagnosis, a high proportion (71%) of individuals already have visual impairment that is below the commonly used driving standard threshold (ie, ≤70 letters or Snellen 6/12 [20/40] ). 12 These data illustrate the heavy burden placed on individuals with GA in terms of loss of mobility and independence. There are currently no approved interventions to prevent, reduce, or halt the progression of GA, and thus GA represents a significant unmet medical need. Advanced AMD has been estimated to cause a 63% decrease in the average patient's quality of life (QoL), which is comparable to the effect of end-stage prostate cancer or catastrophic stroke on QoL. 13 However, there is sparse knowledge of the impact of GA on patients' QoL, as well as on society and health care resources, particularly indirect costs. 14, 15 While it is accepted that GA has a negative impact on patients' QoL, society, and the health care system, 12, 14 there is limited published evidence specific to GA to confirm this. 16, 17 This may be due in part to the fact that GA was only granted a code in the US-specific International Classification of Diseases, 10th Revision, Clinical Modification system in 2017, and in the International Classification of Diseases, 11th Revision system used in the rest of the world in December 2018. 18, 19 We, therefore, conducted a study to gain comprehensive information on the burden of illness due to GA, including vision-related functioning and QoL, as well as economic implications. The primary objective was to compare the overall vision-related functioning and QoL in the GA group with that in a non-GA group of similar age using the National Eye Institute Visual Function Questionnaire-25 (NEI-VFQ-25), which has been validated for use in patients with GA. 20 Secondary objectives were (1) to assess the change in vision over the past year using the Global Rating of Change Scale (GA and non-GA groups), and (2) to assess health care resource utilization (HCRU) up to 24 months before the study visit and any associated costs (GA group only).
Materials and Methods

Study Design and Patients
Within this study conducted in the United Kingdom, Germany, Ireland, and Canada, patients with physicianconfirmed diagnosis of GA secondary to AMD were recruited and interviewed prospectively. The study also included a cohort of patients who were of similar age but did not have GA (non-GA group). Before data collection, eligible patients were invited to participate in the study during their routine visit by the treating physician or research nurse. Patients included gave written informed consent for their data to be used in this study (including questionnaires). Patient data were anonymized at study entry, with patient identification documentation maintained at each site (only accessible to the patient's clinical team at the hospital). The study was approved by the institutional review board or ethics committee at each participating site (Table S1) , and conducted according to the provisions of the Declaration of Helsinki, 21 the Guidelines for Good Pharmacoepidemiology Practices Guidelines published by the International Society of Pharmacoepidemiology, 22 and the laws and regulations of the country in which the research was conducted.
Patients eligible for enrollment were aged ≥70 years. Patients eligible for inclusion in the GA group had physician-confirmed bilateral symptomatic GA due to AMD; those eligible for inclusion in the non-GA group had no ophthalmic condition that in the opinion of the investigator affected visual function (eg, early/intermediate AMD, dry eye, choroidal nevus, epiretinal membrane, history of cataract surgery). Key exclusion criteria for both groups included participation in an interventional study during the past 12 months, and history of choroidal neovascularization, diabetic macular edema, and/or retinal vein occlusion. The full list of inclusion/exclusion criteria can be found in Table S2 .
All patients were interviewed during the study inclusion visit to provide data related to their vision-related functioning and QoL, and additional clinical and patient-reported outcome measure data were also collected to provide a snapshot of the patient's current disease status and burden of illness. Patients in the GA group were also asked about historical clinical data and HCRU; information on medical and non-medical resource utilization were also sourced from a retrospective chart review of patient data up to a maximum period of 24 months. The list of variables captured for each group are provided in Tables S3-S4 .
Assessments and Outcomes
The primary outcome was assessed using vision-related functioning and QoL information collected via the NEI-VFQ-25 (Table S3) . 23 In this study, an additional six appendix items were included for the near activities and distance activities subscales, as previously used in an analysis of the lampalizumab Mahalo study. 20 Other prespecified outcome measures were change of vision in the past year, as assessed using the Global Rating of Change Scale in both the GA and non-GA groups, 24 and, for the GA group only, HCRU, and any associated costs.
Relevant patient sociodemographic and clinical data, extracted from patient charts and self-reported on patient questionnaires conducted at study entry (Table S3) , were recorded onto electronic case report forms. This included the recording of VA data as measured in the better-and worse-seeing eye of patients with GA, and in the non-GA group, during a standard-of-care visit ±14 days from date of study inclusion. In cases where both eyes had the same VA, the right eye was designated as the better-seeing eye and the left eye as the worse-seeing eye. GA lesion size estimated ±14 days from date of study inclusion by the physician was also recorded.
Resource use data extracted from the medical records of the GA group for up to 24 months before study inclusion and self-reported on patient questionnaires were categorized as direct ophthalmologic (eg, visits to eye clinic for GA or other ophthalmic conditions, specialists/nurses seen, tests/procedures, and treatments) and indirect (eg, general practitioner [GP]/hospital visits due to falls and other occurrences, anxiety-/depression-related costs; Table S4 ).
Statistical Methods
The target sample size was 140 patients with GA and 50 patients with non-GA conditions to allow the detection of a difference in NEI-VFQ-25 score of 13 points, with 80% power at the 5% level of significance. Anonymized data were analyzed for all patients meeting the inclusion/exclusion criteria, including those who withdrew from the study after completion of patient recruitment, using SAS ® 9.4 software (SAS Institute, Cary, NC, USA) via SAS Enterprise Guide version 6.2.
The NEI-VFQ-25 composite score was compared between the GA and non-GA groups using a Wilcoxon rank-sum test with a significance level of P≤0.05. A parametric multivariate analysis, using an analysis of covariance model adjusted for age and sex, was also conducted. The interaction between group and covariate was tested, and as a result, living status was removed from the analysis of covariance model due to lack of statistical significance. The 95% CI was calculated for differences between groups for continuous variables. For the NEI-VFQ-25 subscales, comparisons between groups were made using the Wilcoxon rank-sum test, except for general health and general vision, which were assessed using a multivariate logistic model and a multinomial logistic model, respectively. The Global Rating of Change Scale between-group comparisons were performed using a multivariate logistic model, controlled for baseline covariates (age, sex), with group as a fixed effect. The patientreported outcome and HCRU variables are shown in Tables S3 and S4 .
Differences in sociodemographic characteristics between patient groups were assessed using Pearson chisquare test or Fisher's exact test for categorical variables and Student's t-test or Wilcoxon rank-sum test for continuous variables. All tests were two sided and a P-value of ≤0.05 was considered significant. Where relevant, 95% CIs were also calculated. Any missing and invalid observations were excluded from the denominators when calculating proportions.
HCRU was determined by the proportion of patients using a specific resource and the number of times a resource was used per patient. Costs related to health care services were calculated by multiplying the number of times patients used each health care service by the country-specific unit cost. For each patient, HCRU and costs were adjusted if the patient had <24 months of history (based on the date of first visit to the clinic). Adjustments were not made for costs of vision-related equipment, certain procedures (cataract surgery, Humphrey visual field test, laser capsulotomy, vitrectomy, retinal laser therapy, laser iridectomy, and trabeculectomy), or inpatient admissions, because these were typically one-off costs. Patients with <3 months of history were excluded from HCRU and cost analyses. The currency used to estimate costs was euros. The reference year for the unit cost was 2017, and the following 2017 average currency exchange rates were used: 1 British pound sterling = 1.1413 euros and 1 Canadian dollar = 0.6826 euros.
Results
During the data collection period (February 27, 2017 to November 14, 2017), 229 patients were enrolled in the study across 17 sites, and 189 were eligible for analyses. Of these, 137 (72.5%) patients were enrolled in the GA group and 52 (27.5%) patients into the non-GA group (Figure 1 ).
Sociodemographic Characteristics: GA and Non-GA Groups
The sociodemographic characteristics of patients in the GA and non-GA groups are outlined in Table 1 . Most patients in the GA and non-GA groups had similar sociodemographic characteristics (98% were Caucasian, 95% retired, and 64% female). However, the groups also showed some relevant differences. Patients with GA were slightly older than those with non-GA conditions (mean, 81.8 vs 78.3 years, respectively; P<0.001). The majority of patients were either married/in a domestic partnership or widowed, with a higher proportion of patients with GA being widowed than patients without GA (41.6% vs 25.0%, respectively). A higher proportion of patients with GA lived home alone than patients without GA (46.7% vs 25.0%, respectively). Only 2 patients (both with GA) lived in a nursing and/or residential home. Of patients with GA, 6.6% were current smokers, whereas there were no current smokers among the non-GA group.
Differences in Vision-Related Functioning and QoL Between the GA and Non-GA Groups
Patients with GA had poorer vision-related functioning and QoL than those without GA. Patients in the GA group had a significantly lower mean (SD) NEI-VFQ-25 composite score than those in the non-GA group (53.1 [19. 05] vs 84.5 [6. 55] points, respectively; P<0.001; Figure 2 ). The lower QoL observed in the GA group remained after adjusting the NEI-VFQ-25 composite score for age and sex (adjusted difference between groups, −28.82; P<0.001).
Patients with GA also had significantly lower NEI-VFQ-25 subscale scores for near activities, distance activities, dependency, driving, social functioning, mental health, role difficulties, color vision, and peripheral vision than those with non-GA conditions ( Figure 2 ; Table S5 ). As expected, the GA group had a greater risk of worse general vision than the non-GA group (odds ratio [OR], 36.18; Wald 95% CI, 14.80-88.47; P<0.001), based on a multinomial analysis. Nearly 60% of patients with GA had poor or very poor vision, whereas all patients in the non-GA group had fair, good, or excellent general vision (Table S5) . General health was similar between groups (Table S5) , with no differences found between groups on multivariate analysis (OR, 0.87; Wald 95% CI, 0.43-1.79; P=0.712).
GA Diagnosis and Lesion Size
At the time of study inclusion, the mean (SD) disease duration since diagnosis for the majority (89.1% [n=98]) of patients who were initially affected with GA in both eyes was 2.3 (2.6) years.
A variety of tests were conducted at GA diagnosis; the most common ones (used in the 98 patients initially diagnosed with bilateral GA) were distance VA (86.7%), dilated eye examination (82.7%), optical coherence tomography (OCT; 81.6%), intraocular pressure (IOP; 67.3%), and fundus autofluorescence (FAF; 44.9%). GA lesion size was estimated in 97 (72.4%) patients with GA within a mean (SD) 0.6 (2.6) days from study entry; to estimate lesion size, physicians reviewed OCT in 35.1% and 34.0% of patients in the better-and worse-seeing eye, respectively, and FAF in 37.1% of patients in both the betterand worse-seeing eyes.
There was a broad distribution of estimated GA lesion sizes at study inclusion, with most patients having a lesion size of up to 4.0 disc area (DA). For worseseeing eyes, 20.8% were <1 DA, 55.2% were 1-4 DA, 13.5% were >4-7 DA, and 10.4% were >7 DA. A similar distribution was estimated in the better-seeing eyes. As expected, more patients had foveal involvement in their worse-seeing eye than in their better-seeing eye (86.0% vs 77.6%, respectively).
Disease Characteristics of the Non-GA Group
Patients in the non-GA group had visited the sites for a variety of reasons, and these reflected the type of examinations conducted in patients without current eye conditions, including ophthalmological checkup, diabetic eye screening, diabetic retinopathy, IOP measurement, optic disc, and suspected glaucoma. Most patients (96.2%) had their VA measured in both eyes, and 26.9% of patients had a history of cataract surgery. Reasons for exclusion from analysis, GA group: non-bilateral physician-confirmed GA; age ≤70 years at study inclusion; no informed consent; history of CNV, DME, and/or RVO; protocol deviation. Reasons for exclusion from analysis, non-GA group: ophthalmic condition affecting visual function; no informed consent; history of CNV, DME, and/or RVO. c A site in Ireland leveraged electronic medical records to actively recall patients slightly earlier than their scheduled visit during the initial recruitment phase. Inclusion of these patients would have affected health care resource utilization results, so the protocol had to be clarified mid study, and a decision was made to exclude these patients from the analysis due to protocol deviation following this protocol change. Subsequent patients that were contributed by this site were recruited according to updated protocols (recruitment only during routine visits). Abbreviations: CNV, choroidal neovascularization; DME, diabetic macular edema; GA, geographic atrophy; RVO, retinal vein occlusion.
VA in the GA and Non-GA Groups
As expected, patients with GA had poorer VA than those without GA at study inclusion: 0.6 logarithm of the minimum angle of resolution (logMAR) unit (Snellen equivalent,~20/80) in the better-seeing eye and 1.0 logMAR unit (Snellen equivalent,~20/200) in the worse- seeing eye in patients with GA vs 0.1 logMAR unit (Snellen equivalent,~20/25) and 0.2 logMAR unit (Snellen equivalent,~20/32) in the non-GA group ( Table 2) . The majority of patients in the non-GA group had normal/near-normal vision in their worse-seeing eye, whereas three-quarters of patients in the GA group had moderately low vision or were blind in their worse-seeing eye.
Deterioration in Vision Over the Past Year in the GA and Non-GA Groups Eighty-two percent of patients with GA vs 25% of patients without GA reported a worsening of vision over the past year, as assessed by the Global Rating of Change Scale (worse rating scores of −7 to −2). The mean (SD) scores for the respective groups were −3.4 (2.31) and −0. Driving and Transport in the GA and Non-GA Groups
Eighteen percent of patients with GA were either registered as legally blind according to legislation in the relevant country, or were going through the assessment process for registration (Table 3) . Over half of patients with GA had Figure 2 Mean (95% CI) NEI-VFQ-25 scores for the GA and non-GA groups in a cross-sectional study conducted in 17 sites in the United Kingdom, Germany, Ireland, and Canada. Note: a Three patients in the GA group and 2 patients in the non-GA group had only one eye with a VA measurement and were therefore not included in this analysis because their better-/worse-seeing eye could not be determined. Note: percentages and means are based on non-missing values. Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; GA, geographic atrophy; logMAR, logarithm of the minimum angle of resolution; VA, visual acuity. a driving license (55.5%). However, half (52.0%) of these patients did not feel confident driving during the day and most (88.0%) did not feel confident driving at night. Most patients with GA reported regularly traveling with a partner or friend. Based on the NEI-VFQ-25 questionnaire, fewer patients in the GA group were currently driving than those in the non-GA group (27.6% vs 69.2%, respectively), and among the patients who did not drive, 73.9% had given up driving in the GA group compared with only 25.0% in the non-GA group. Eyesight was reported as the most common reason for giving up driving in the GA group (80.9%). The majority of patients in both groups (70.1% and 61.5% in the GA and non-GA groups, respectively) had a previous history of cataract, which were mostly bilateral. In the GA group, 67% of right eyes and 66% of left eyes with cataract had undergone lens replacement surgery with intraocular lens insertion. In the non-GA group, 48% and 46% of eyes with cataract had undergone lens replacement surgery with the natural lens replaced with an intraocular lens insertion.
Aid and Support Services in the GA Group
Just under half of the patients with GA required assistance with daily activities, most of which was unpaid (Table 3) . Over one-third of patients with GA required adjustments made to their home due to GA. Few (<12%) patients with GA received support or benefits from the government, or in the past 12 months had received home health care services or participated in vision-related support groups. Eighteen percent of patients had used eye rehabilitation services in the past 12 months, mostly low-vision clinics. Just over half of the patients had used vision-related equipment, including magnifiers, glasses, and portable lighting.
Medical and Non-medical Resource Utilization and Costs (GA Group)
In the 24 months before study inclusion, 85.4% of patients with GA had an ophthalmology-related visit, 81.5% had at least one test or procedure (averaging 8.2-9.6 tests/procedures per year), and 10% accessed home health care services. Forty-six (36.8%) patients had information recorded on drugs and treatments for any ocular condition, of which 24 patients had at least one drug or treatment, including corticosteroids, antibiotics, and vitamins. The associated mean annual costs for direct ophthalmological resource per patient amounted to €1772, comprising €188 for ophthalmology-related visits, €1071 for tests/procedures, €116 for drugs or other treatments, €319 for home health care services, €63 for vision-related equipment, and €14 for eye rehabilitation services (Table S6) . Analysis of indirect ophthalmological resource use by patients with GA found that in the 24 months before study inclusion, 47.8% of patients visited their GP more than three times, and 12.8% of patients for whom information was available had visited the emergency department. Few patients had inpatient (4.1%) or outpatient (4.4%) admissions, with falls cited as the main cause for admission. The associated mean annual costs for indirect ophthalmological resource use per patient were €234, comprising €177 for GP visits, €12 for emergency department visits, €39 for inpatient admissions, and €7 for outpatient admissions (Table S6) . Mean annual costs associated with depression (diagnosed in 6.7%) and anxiety (in 4.9%) were minimal (up to €2 per patient) and have been excluded from the analysis.
Discussion
This study highlights the poor vision-related QoL in patients with GA compared with patients without GA, including the impact on driving, and thus autonomy. The study also captured information on HCRU and associated costs in patients with GA and showed that diagnostic tests/ procedures were the main drivers of direct ophthalmic costs, and GP visits were the main driver for indirect ophthalmic costs.
The NEI-VFQ-25 questionnaire has been shown to be a responsive and sensitive measure that correlates with best-corrected VA, reading speed, and contrast sensitivity in patients with GA or neovascular AMD. 20, 25, 26 Use of this questionnaire in our study suggests that patients with GA suffer from poorer vision-related function and QoL than their peers without GA, irrespective of age or sex. Patients with GA had significantly lower scores (representing poorer functioning) in most of the NEI-VFQ-25 subscales, with near activities, distance activities, and driving being most impacted. The poor recorded VA, the high prevalence of foveal involvement, and the low number of patients who were still driving support previously reported visual function and NEI-VFQ-25 data in patients with GA. 9, 11, 12, 20 Within the Mahalo phase 2 trial of intravitreal lampalizumab for the treatment of GA secondary to AMD, 27 patients exhibited low scores for the driving, near activities, distance activities, and general vision subscales, although these scores, as well as the composite score, were higher than in our study, respectively (driving, 30. 20 The poorer function seen in patients in our study is despite the greater GA severity in the Mahalo population; patients recruited into Mahalo had to have a GA lesion size of~1-7 DA at baseline, whereas 21% of worse-seeing eyes in our study had GA lesions of <1 DA. 27 These differences may be in part due to differences in general health between patient populations seen in routine clinical practice and those recruited into clinical trials, which tend to exclude patients with comorbidities such as malignancies. 27 The NEI-VFQ-25 scores reported herein were also lower (ie, poorer) than previously reported in patients with neovascular AMD in two ranibizumab clinical trials (MARINA and ANCHOR) at baseline, as well as in a cross-sectional, non-interventional study in patients undergoing anti-vascular endothelial growth factor therapy. 25, 28 In line with our NEI-VFQ-25 findings, patients with GA were found to have poorer VA at study entry than those without GA, with the majority of patients in the GA group having moderately low vision or blindness in one or both eyes. One in 5 of the patients with GA were either registered as blind or undergoing the registration process, which supports previous findings from a UK EMR study in which 7.1% were eligible for blindness registration in the United Kingdom at diagnosis, with a further 16% being eligible as vision impairment increased over time (median time to outcome, 6.2 years). 12 However, it should be noted that the definition of legal blindness varies between countries in the Percentages for each service were based on the total number of patients using an eye rehabilitation service during the specified period (0-12 months before index).
e Percentages for each piece of equipment were based on the total number of patients using visionrelated equipment during the specified period (0-12 months).
f Percentages were based on the total number of patients who received assistance.
g Percentages for each health care service were based on the total number of patients using health care services during the specified period (0-12 months before index). Percentages are based on non-missing values. Abbreviation: GA, geographic atrophy.
present analysis (Snellen score of <3/60 in England, ≤6/60 in Canada and Ireland, or ≤20/1000 in Germany), and also varies depending on the impairment in visual fields.
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Although longitudinal data on VA were not collected, >80% of patients with GA in our study reported worsening vision (based on the Global Rating of Change Scale) over the past year, contrary to the perception that GA is a slowprogressing disease that patients adapt to over time. Worsening vision as well as the fear of deterioration can place a significant psychological burden on patients with GA, resulting in increased road traffic insecurity, isolation, fears about the future, and a profound loss for the daily activities that are no longer possible. 33 In the current study, although half of the patients with GA held a driving license (and thus were either currently driving or had driven at some point in the past), just over half of these patients did not feel confident driving during the day, and the majority did not feel confident driving at night. Based on the relevant NEI-VFQ-25 subscale, just over one-quarter of patients in the GA group were currently driving compared with just under 70% of the younger non-GA group. Most of the patients with GA who had stopped driving had done so due to their eyesight. These findings, together with the poor driving score (21.8), highlight the burden that GA places on patients in terms of limited mobility, loss of confidence, and lack of independence, and are in line with recent qualitative and ethnographic research on the psychological, emotional and physical impact of a diagnosis of GA. 10, 34 It should also be noted that currently there are no requirements for regular health checks to prove driving suitability in the United Kingdom, Ireland, and Germany; rather, the responsibility is placed with the individual to notify authorities of any changes to their eyesight that could affect their driving. Interestingly, although just under half of the patients with GA reported that they required assistance with daily activities and/or used vision-related equipment, only a few patients had received governmental support or benefits, or in the past 12 months had received home health care services or participated in vision-related support groups. This suggests that the considerable burden of social care is cushioned by family or other unpaid support, and that problems associated with visual impairment are not an integral part of the assessment for social care requirements.
Despite the converging recruiting paths, patients with GA tended to be older than those in the non-GA group, which reflects the increasing GA incidence with advancing age. 35 The patients with GA also had a broad distribution of lesion sizes, mostly estimated by FAF, OCT, or color fundus photography. At GA diagnosis, a wide variety of tests had been performed reflecting variations in diagnostic assessments across the health care communities included in this study; the most common diagnostic tests were distance VA, dilated eye examination, OCT, and IOP. Therefore, although FAF is reported to be the principal modality for assessing GA lesion size and progression 36 and is recognized by the US Food and Drug Administration and the European Medicines Agency for clinical trials, the examination was used in less than half of the patients at diagnosis. This small proportion is likely to be even lower outside tertiary centers and could be related to the lack of therapeutic options. Surprisingly, distance VA was reported as being measured at diagnosis in only 87% of participants; this may reflect a phenomenon in clinical care whereby due to poor assumed function, less time is invested in the exact determination of VA in patients with GA. The annualized average total cost (direct and indirect ophthalmic HCRU) was €2006 per patient with GA, which is similar to direct vision-related medical and non-visionrelated medical costs (including fall-related and other injuries, depression/anxiety) reported for patients with neovascular AMD in a UK cohort study in 2005, before approval of the anti-vascular endothelial growth factor agents (£1553 [€1773] and £431 [€492], respectively). 37 Similar to the UK cohort study, direct HCRU in our study accounted for the majority of the mean annual total costs (88%; €1772), with diagnostics tests and procedures being the main driver (€1071 per patient). The direct costs in patients with GA were, however, substantially lower than those reported for 2009 in patients with neovascular AMD in the United States ($8642 [€7641] per capita for drugs, supplements, low-vision aids and services, diagnostic/provider/facility use, and ophthalmic-related conditions [depression and trauma]). 38 This difference is most likely due to the lack of an available treatment in the patients with GA, in line with the increased demand for health care services observed in patients with neovascular AMD and receiving treatment compared with non-neovascular AMD controls, especially within Europe. 39 In our study, 24/46 patients with available information on drugs and treatment were receiving ocular therapies, with an associated cost of €116, whereas in the United States, neovascular AMD study drug costs amounted to $3552 (€3141). 38 The direct ophthalmic costs in patients with GA are higher than those for other ophthalmic conditions, including in those where medications are frequently administered or surgery performed. Direct eye care
costs of up to $3260 (€2882) per patient were reported over 2 years for patients with exfoliation glaucoma syndrome in the United States, or €969 per year per patient in European patients with stage 4 glaucoma. 40, 41 Clegg et al also reviewed the annual direct costs of managing a cohort of 1000 patients with dry eye syndrome in European countries, and reported costs of $536,000 (€474 per patient) for Germany and $1,100,000 (€973 per patient) for the United Kingdom, with prescription drugs and specialist visits attributing to the majority of these costs. 42 In our study, GP visits were the main driver of indirect costs, with a mean annual cost per patient of €177.
Approximately half of the patients had visited their GP more than three times in the past 24 months; this number may have been influenced by the impact of poor VA on patient mobility, as well as the presence of comorbidities. There are limited data on HCRU in patients with GA, with few existing studies specifically reporting on patients with GA being limited to direct ophthalmic costs. A retrospective analysis of EMR data from the United Kingdom found that patients with GA in at least one eye had a median number of visits ranging from three in those with bilateral GA to 14 in those with GA and choroidal neovascularization over the first 2 years following diagnosis. Direct monitoring costs ranged from around £368 (€420) in those with bilateral GA (substantially lower than the mean annual cost per patient of €1259 for visits and procedures in our study) to around £1718 (€1961) in those with GA plus choroidal neovascularization. 15 Similar to our findings, in an
Italian observational trial in patients with any type of AMD (conducted between September 1998 and December 1999), hospital costs and diagnostics were the main drivers of costs. 43 However, the total mean cost per patient per year of €148 for the small subgroup of patients with GA (78/476 patients) was substantially lower than the costs reported herein, possibly reflecting changes in management of patients with GA since the Italian study was conducted.
Study Limitations
Since only a few sites per country were included in the study, geographical representation may be limited, although effort was made to increase geographical representation by including centers from different geographic areas within each country. Nevertheless, the limited geographical representation is an important shortcoming of our study and may have affected our findings. All data entry was completed by designated trained personnel at the sites, and data validation checks undertaken to ensure data were accurate, complete, and verifiable from the source documents. However, as with all studies employing retrospective data extraction, not all data may have been captured or been available during the chart review. For example, physicians were asked to estimate the GA area and place it into a relevant size category, rather than providing specific measurements. Additionally, VA could be measured via Snellen or Early Treatment Diabetic Retinopathy Study chart measurements, and then was converted into logMAR. Because the gap between Snellen and Early Treatment Diabetic Retinopathy Study chart measurements is more pronounced with decreasing VA, 44 this may have impacted the accuracy of the VA estimates, especially in those with low vision. Furthermore, in cases where both eyes had the same VA, the right eye was designated as the betterseeing eye and the left-eye as the worse-seeing eye, and thus the right eye may not necessarily be the dominant eye. However, this should have limited or no impact on the results, as in these cases, the VA was identical in both eyes. The higher proportion of widowed persons in the GA vs non-GA groups may also have contributed to the differences in vision-related QoL findings between the two groups, especially in relation to dependency, social functioning, and mental health. Caution should be applied when interpreting data based on the analysis of covariance, because parametric assumptions (ie, equal cohort variance and distributions consistent with a normally distributed population) were not met; however, both the non-parametric and parametric analyses were comparable. Due to the nature of the disease, patients with GA usually present when they become symptomatic, and are seen relatively infrequently, usually when there is a need to rule out other conditions such as neovascular AMD. Patients included in this study were recruited during routine visits to the eye clinic and thus may have more severe GA symptoms (eg, increased visual impairment) than the average GA population, or may have a tendency to seek medical attention more often than their peers. A selection bias into the study thus cannot be ruled out, although the low attendance rate at low-vision clinics would suggest otherwise. In addition, the broad eligibility criteria for the non-GA group may have resulted in a heterogeneous non-GA group, which may also bias the direct comparison to the GA group. It is not possible to attribute VA loss and impact on driving, especially at night, entirely to GA because most patients with GA had cataract comorbidities (70% vs 62% in the non-GA group, respectively), mostly in both eyes. Furthermore, HCRU and associated costs may have been due to ophthalmic conditions other than GA.
Conclusions
With published evidence on the burden of GA limited, this study bridges the current knowledge gap. Analyses of comprehensive vision-related functioning, QoL, and economic data from multiple countries comparing patients with GA with a non-GA group highlight the poor level of vision-related function and QoL experienced by patients with GA in relation to patients without GA. In particular, GA was found to severely impact patients' ability and confidence to drive, and consequently their independence. The annualized average total cost (direct and indirect ophthalmic HCRU) was €2006 per patient with GA, with direct health care costs accounting for most of these costs. The direct costs were lower than have been previously reported for neovascular AMD, possibly due to the lack of available treatment for GA. Diagnostic tests and procedures were identified as the major driver of direct health care costs and GP visits as the main driver of indirect costs. Findings from this study provide important information on the impact of GA on patients' lives, as well as the costs associated with diagnosing and monitoring the disease, and associated GP consultations.
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